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MEMORANDUM REPORT
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AN INVESTIGATION OF THE MUTUAIL INTERFERENCE EFFECTS OF A
TAIL-SURFACE - STERN PROPELLER INSTALLATION ON A
MOLEL SIMULATING THE DQUGLAS XB-42 EMPENNAGE

By Vialter A. Bartlett, Jr. and &1fred A. larino
SUMMARY

The mutual Interference effects of tail qurfaces
and a stern propeller were investigated on a model repre=
sentative of the empennage and propeller installation of
the XB-42 airplane, The tests were conducted primarily
to determine the effect of tail-surface - proneller
spacing upon the periodic tail-surface loading coin-
cident with propeller blade passage.

In the statlic-thrust conditlion, instantaneous prps—
sure data vere obtained at propeller blade angles of 20°
30°, and 40° over a range of propeller rotational speeds
and tail-surface - propeller spacings. The effect of
blade angle, tail-surface - propeller spacing, angle of
attack, and control-surface deflections on the instan-
taneouq and average pressures on the tall surface and on
proneller aerodynamic characteristics were obtained in
both positive and negative dynamic thrust.

The pressure impulses on the control surfaces due
to propeller blade passage were found to increase with
propeller rotational speed or blade angle, or with
decreased tail-surface - propeller spacing in both static
end positive dynamic thrust. The effect of blade-ungle
change was not investigated in negative thrust, but
otherwise the behavior of the pressure impulse was com=-
parable to that in positive thrust.

Average pressure distributions obtained at two
chordwise stations on the left elevator indicated that

-
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the control-csurface effectiveness inereased with increacs-
ing thrust coefficlent and decreased with increasing
negative-thrust coefficient,

An elevator deflection of 20° decreased the envelope
efficiency of the six-blade duasl-rotating propeller in
the low V/nD range, increased it in the high V/rD
range, and only slightly affected the negative-tarust
characteristics. Within the angle-of-attack range inves-
tigated, there was no change in the negative-thrust char-
acteristics of the six-blade dual-rotating propeller.

INTRODUCTION

At the request of the Army Alir Forces, Laterlel
Command, tests have been conducted in the proreller-
research tunnel at the Langley Meumorial Leronsutical
Laboratory to obtain information applicable to the XB-4Z
airplane concerning the mutual interference effects of
tall surfaces and a stern propeller, A simplified model
used in this investigation simulated only the propeller
and empennage arrangement of the airplane.

The Douglas XB-42 alrplane is a light, midwing bomber
powered by two Allison W-1710-9Z(Ell). enfines which drive
a dual-rotating propeller mounted behind the tail surfaces.
The propeller is made up of two three-blade units of the
Curtiss 826-17C<c-18 and 837-17C2-18 design, right- and
left-hand, respectively, The engines, mounted side by
eide in the fuselage, are individually connected to the
three-blade units of the propeller. It ic¢ advantageous
to locate the propeller as close to the tail surfaces
as possible from weight and balance considerations; in
this position, however, the control surfaces experlence
severe instantaneous loads.

It was the primary purponse of these tests to deter-
mine the effect of tall-surface - propeller spacing on
the magnitude of the periodic tail-surface loading coin-
cident with propeller blade passage. The average pres-
svre distributions on the elevator for various combina=-
tions of control-surface deflection and the aerodynamic
characteristics of the propeller operating at both
positive and negatlive thrust were also measured.
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A previous investigation of the periodic tail-surface
loadings applicable to the XB-42 airplane was precented
in reference 1.

APPARATUS AND TESTS

Model.- The XB-42 tall-propeller interference model
conslisted of a streamline body upon which pusher propel-
lers were mounted directly behind vertical and horizontal
surfaces as shown in figure 1. The propellers were
driven by two 25-horsepower motors mounted within the
nacelle,

The tail surfaces were constructed of wooden spars
and ribs covered with sheet aluminum. A lead welght was
mounted at the tip of each surface to reduce the natural
frequency of the tall surfaces. The ordinates of the
tail surfaces conform to the NACA 00Q9 =ection. The
mean geometric chord of the elevator was 46.6 percent of
the mean geometric chord of the entire horizontal tail
surface. The mean geometric chord of the rudder was
41.4 percent of the mean geometric chord of the entire
vertical taill surface. It was possible to =et the ele~
vators in 5° increments from -20° to 20° and the rudders
in 5° increments from -10° to 10°. Rudder and elevator
angles are considered positive when the trailing edges
are deflected to the left and down, respectively. The
gaps between the fixed end movable tail surfaces were
unsealed. The longitudinal position of the tail surfaces
could be changed as shown in figure 1. '

A right-hand one-blade propeller (Hamilton Standard
3155-6 design) was used in all tests in which the changes
in tail-surface instantaneous pressures caused by blade
passage were measured. The use of a single-blade propel-
ler was necessary to provide adequate spacing of pressure
impulses as recorded on the films. The geometric char-
acteristics of the blade are given in figure 2, and a
photograph of the propeller installed on the model for
wind-tunnel tests, in figure 3.

A six-blade dusl-rotating propeller was used in the
investigation of the propulsive efficlency, negative-
thrust characteristics, and average pressure dlstributions
on the tail surfaces. The propeller blades were of the
Hamilton Standard 3155-€ and 3158«6 design, right-and
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left -hand, respectively; their geometric characteristics
are given in figure 2. In all tests at positive thrust,
the right-hand (front) propeller wes set at even values
of blade angle, while the left-hand (rear) propeller was
gset to absorb the same power as the front propeller at
peak efficiency. 1In the tests at negative thrust, both
propellers were set at the same blade angle. The
distance between center lines of the propeller disks was
approx 1mate1y 10 inches. The rotational sneedes of both
the front and rear Dropc—:—lle*m were equal. throughout the
tests. A photograph of the six-blade dual-rotating pro-
peller installed on the model is shown In figure 4.

Instrumentation.- Two methods were used to measure
effect of blade passage c¢n the loading of the tail
surfacess

1. Orifices on opposite sides of the eontrol surfaces
at the points shown in figure 1 were differentially con-
nected to pressure cells located as close to the orifices
as feasible. A pressure impulse at either orifice dis-
placed a diaphragm of the individuel cells; this move-
ment, except for the cells attachiedc to the trailing-edge
orifices on the rudder, was relayed mechanically to the
photographic recording equipment. At orifices 1, rows A
and B, the dlaphragm movement effected changes in the
1nductance of an electrical circuit and tkis change was
recorded. Installation photographs are presented 1n
figure 5.

2, Balsa-wood tabs mounted in each elevator were
attached to the tail surfaces with dural svrings upon
which Baldwin Southwark type C-10 strain gages were
attached. (See fig. 6.) Direct current was fed into
the gares and any instantaneous pressure differential
acting on the tabhs effected changes in voltage across
the gages., This fluctuating voltage wag amplified in a
Sperry amplifier and recorded oan & MNiller oscillograph. -

To reduce the possibllity of resonance error being
introduced into readings talten with the instantansous
pressure measuring devices, the freocuency of the impressed
Instantaneous pressure was held well be low tlie resonant
range of the instruments. The natural frequencies of
the various instruments were 120 c¢vcles per second for
the pressure pickups ana 250 cycles per second for the
‘strain-gage (teb) installation. The natural freguency
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of the tall surfaces was held to 8 cycles per second =o
that any pulsations due to surface vibration could be
differentiated easily from the pressure impulse wave.

The frequency respornise of the instantanecus pressure
devices was kept ac high as practicable. Static orifices,
1/8 inch 1n diameter, were connected to the various pickup

Z
(25

elements with Tg-inch inside~diameter tubing. The lengths
of tubing used to connect the various orifices to the
pickup elements were 4 feet for the trailing-edge ori-
fices and 8 feet for all other oriifices. The shorter
lengtih of tubing would tend to increase the accuracy of
the trailing-edge pressure recorders as there would be
less lag between the orifice and measuring device. Tne
complete installation was calibrated for attenuation of
the pressure wave by applying a known pressure at several
frequencies to the installation.

The occurrence of instantaneous loads was correlated
with propeller position by a timing device consisting of
two stationary copper brushes riding on a steel ring
which rotated with the propeller shaft. A bakelite insert
in the ring caured a break in the timing circuvit for each
shaft revolution tripping timing solenoids in the various
recording instruments.

The average chordwise pressure distributions at two
spanwise stations on the left elevator were obtained by
the pressure belt technique described in reference 2.
The location of the pressure belts on the model 1s shown
in figure 1; the inboard and the outboard belts were
located at 52 and 82 percent of the propeller radilus,
respectively. A photograph of the instellation 1s given
as figure 7.

Tests.~- Static thrust tests were conducted on a
ground stand and measurements of thrust, power, and
Instantaneous pregssure were obtained. Tests were run
at wind speeds not exceeding 5 miles per hour. In this
range, the slopes of the thrust and power curves vary
directly with air velocity, permitting a simple veloclity
correction to the coefficients.

The dynamic thrust tests were conducted in the
propeller-research tunnel at airspeeds up to 90 miles
per hour. Thrust and power were measured over the
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operating range of the propeller in addition to meas-
urements of instanteneous and average pressures on the
tail surfaces. The angle-of-attack range for these
tests was from 5° to -10°. To minimize the effects of
strut interference, larger negative tham positive angles
of attack were tested.

SYMBOLS

The following symbols are used in this report:

Ap peak pressure differential, measured at static
: orifices, pounds per square foot, considered

positive if 1t imparts a positive rolling
moment to the model

P mass density of air, slugs per cublc foot

o relative density (p/0.002378)

9 free-stream dynamic pressure, pounds per square
foot

Ap/qo peak pressure coefficlent

P local static pressure, pounds per cquare foot,
subscripts U and I denote upper and
lower surfaces, respectively

Po free-stream static pressure, pounds per square
foot

Wy total peak load on tab, pounds

At area of tab (C.42% square foot)

Wy
Api = L average peak pressure impulse on tab, pounds
t per square foot

Apt/qo peak pressure coefficient on tab

v velocity of eir stream, feet per second

Te effective thrust, pounds

P power absorbed by propeller, foot-pounds per

second
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propeller rotational speed, rpm

propeller rotational speed, rps

propeller radius, feet

propeller diaméter, feet

blade angle at 0,73R, degrees, subscripts F
and R denote front and rear propellers,
respectively

propeller advance-diameter ratlo

distance between point of pressure measure-
ment and center line of the single-blade

propeller, inches

angle of attack, vertical angle between
thrust axis and air stream, degrees

elevator deflection, degrees, traliling edge
down is positive ‘

rudder deflection, degrees, trailing edge

to left is positive

thrust coefficient

thrust disk loading coefficient

. power coefficient

propulsive efficlency

RESULTS AND DISCUSSION

The discussion of the results of the tail-propeller
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model tests dealing with the effect of the
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propeller on the tail surfaces is presented in two sec-
tions dealing in turn with instantaneous pressure
impulses and average tail-surface pressure distributions.

The results of tests made to determine the effect
of the position of the tail-surface and control-surface
deflection on the aerodynamic characteristics of a six-
blade dual-rotating propeller are presented in the final
section of this discussion.

A 1list of figures which present test results is
given 1in table TI.

Instantaneous Pressures

The aerodynamic load on a surface mounted ahead of
and very close to an operating propeller may be con-
sidered in two parte: (1) a steady load which is deter-
mined by the geometry ol the surface, the attitude, and
average velocity in which 1t operates; and (2) an impulse
load experienced when the surface is in the -Immediate
proximity of the individual propeller blades. The
greater part of this investigation is concerned with
evaluating the second component which is caused by the
sudden change in flow over the surface as the flow field
about the propeller blades is superimpocsed on the steady
flow in the free stream.

Typical pressure records, presented in figure 8,
show that the surface i1z subjected to alternating
impulses with each blade passsge. The position of the
blade relative to the tail surface at the occurrence of
the peak pressures was obtained from strain-gage records
by correlation with the timer marks impressed on film
as the blade pascsed a known position in its revolution.
The first peak rrescsure differential occurred when the
center line of the approaching blade was approximately
15° from the trailing edge of the tail surface; the
second peak occurred when the blade center line was
nearly parallel to the trailing edge of the tail surface.
The period of the pressure cycle, determined from strein-
gage data, was found to vary from 14 to 17 percent of
the propeller period. The strain-gage syatem was. used
in determining the position of the blade at the time of
the maximum Impulses because of its very small time lag.
Records obtained in the wind-tunnel tests zhow that these




MR No. L4KO09 9

values were approxlimately ilndependent of overating
corditicns.

Static-thrust tests.- Tests to determine the effects
of the propeller rotational speed, tail-surface - propeller
spacing, and blade angle were made at static thrust
because the pressure differential between orifices on
opposite sides of the surfaces would be greatest in this
condition. The srngle of attack was 0° and tre control
surfaces were locked in the neutral position.

The thrust and power coefficients at static thrust
presented in figure 9 were indepsendent of tall-surface -
propeller spacings over the range of these teste.

It was observed in the typicel pressure records of
figure 8 that with each blade passage the tail surface
experienced two impulses in opposite directions. In
the static-thrust condition the first impulse was
invariably greater than the second (fig. 10) ard for
this reason the following analysis of pressure variations
at static thrust is based on the magnitude of the first
impulse.

The variation of the flrst pressure impulse at the
trailing-edge orifices on the elevator with propeller
speed 1s shown in figure 11. From these data, taken
with the taill surfaces in position 1, the following
expression relating the magnitude of the impulse to the
rotational speed of the propeller was obtained:

cAp = K1N1'45

where the constant K; Iincreases with increasing blade

angle and decreases with distance from the propeller 'to
the orifice. '

The effect of tall-surface - propeller spacing
upon the peak positive pressure at the orifices of
rows C and D is shown in figure 12. These data were
obtained at four tail-surface = propeller spacings for
several blade angles and propeller rotational speeds.
The peak pressure differential as a function of
tail-surface - propeller spacing can be expresced as

Ko
dl.82

oAp =
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where Ko 1s dependent upon blade angle and propeller
rotational speed.

Combining the above expressions we find

_ Nl.45
cAp = Xg 185

[o7

The value of Kz 1is dependent only upon tae blade angle,
as shown in figure 13.

The effect of blade angle upor the peak positive
pressure differential for several constant oropeller
rotational speeds is shown in fignre 14. This figure was
constructed from points taker from the faired data pre-
sented in figuare 10. Figure 14 clearly showe that, for
any constant rpm, OAp increases with increasing blade
angle and, likewlse, with decreasing dictance between
the blace and the orifice.

@ind-tunnel tests In positive thrust.- The instan-
taneous loads in the tail surfaces were cetermined in
the wind tunnel over a renge of propeller advance-
diameter ratios from 0.4 to O thrust at blade angles of
200, 30°, and 40°. These tests were made at several
angles of attack and control-surface deflectlions.

The aerodynamic characteristics of the single-blade
propeller expressed in forms of Crp, Cp, and m as

functions of V/nD are shown in figure 15. These data
were taken with the tail 1n position 1, the angle of
attack and control surfaces at OO, and the propeliler
operating at 500 rpm. ’

In the wind-tunnel tests at positive thrust, as in
tests at static thrust, the first pressure ilmpulce was
somewhat larger than the second. (See fig. 16.] The
results of tests over the range of propeller advance=
diameter ratios from 0.55 to 1.75 at p = 40° show
that the variation with V/nD of the pressure impulse
coefficient Ap/qO measured at the rearmost orifices in

the elevator was independent of propeller rotational
speed (fig. 17). These data were obtained with the tail.
in position 3, the model at 0° angle of attack, and the
elevator and rudder in neutral.
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The results obtained from the pressure records at
all orifices ars plotted against V/naD in figure 18 for
g = 20°9, 20°, and 40°. A reversal of 31gn of the pres-
sure dlffprentlal eas the propeller goes from pOulthP to

rgatlve thrust i1g shown at the blade ang1e< of 2¢° anad

The peak pressure Ap/qO as a function of distance

from the propeller is shown in figure 19. These curves
were obtained from faired data of figure 18 using the
pressures measured at the first and second orifices
only. These data, obtalned with the tail in position 1,
are supplemented at 3 = 40° by data obtained from
tests with tail in position 3 (fig. 17). Pressures
recorded at the foremost orifices were neglected bhecause
of inconsistencies in the data. The peak pressure coef-
ficients for both the inboard and outboard rows fall on
a single curve, except in the case of [ = 40° at
values of V/nD below 1. This divergence from a single
curve 1is probably associated with the stalling of the
propeller blades.

The results obtained with the strain gages mounted
integral with the tabs are presented in the form of the
coefficient Apt/qo as a function of propeller advance-

diameter ratio in figure 20 for ¢ = 20°. DPressure
impulses on the right tab are appreciably greuater than
those experienced on the left tab and those measured at
the adjacent orifices. Because of the wide spread in the
loads recorded on the right and left tabs at a = 0°,

the strain-gage data are of gualitative iInterest only.
qualitatively thece data are in agrecement with the local
pressure variations recorded at tne orifices which are

- presented in figure 18.

An investigation of the peak pressure impulse c¢n
the elevator was conducted at elevafor deflections from
0° to 20° and angles of attack from 0° to -10° with the
rudder in the neutral position. The results of these
tests, plotted in fwgure 21, show the change in pres-
sure impulee at the eix OPiflCG% on the elevator as a
function of V/nD for the various test conditions.

These data were taken at § = 40° with the tail
in position 1; the propeller rotational speed was
500 rpm and the wind speed was varied to obtain data in
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a small range of V/nD near peak efficiency of the
propeller. To facilitate comparison of the curves,

a cenposite is presented in figure 22 for constant

angle of attack and in figure 23 for constant valnes of
elevator deflection. It is observed that the magnitude
of the peak pressure impulse generally increased with
positive elevator deflection and decreased with increas-
ing negative angle of attack.

Results obtained with strain gages on both right
and left tabs for the above elevator deflections and
angles of attack are prssented in figure 24. The
effect of these varisbles on the instantaneous loadlng
of the tab is shown clearly in the composite curves of
figures 2% and 26.

To determine the effect of rudder deflection and
angle of attack on the peak pressure impulse imposecd on
the rudder6 tests were conducted at rudder deflections
of =10°, 0°, and 10° and anglez of attack from 0° to
-10°; the elevator was in neutral. ' Results of these
tests, presented in figure 27, show the change 1n Qp/qo

with V/nD for the six orifices on the top rudder.

The curves for orifice 1 (rows 4 and E) indicate that
the pressure coefficient increases as the rudder deflec-
tion goes from negative to neutral to.positive. Tne
curves for the remaining orifices also show that the
pressure coefficient is greatest at a rudder position of
10°, but also that the pressure coefficilent is greater
with a rudder position of ~10° than it is with the
rudder in neutral. As the trend of the pressure coef-
ficients with rudder deflection is not conesilistent
between the six orifices on the rudder, no attempt is
made to correlate the behavior of the pressure coeffi-
cients on the deflected rudder with those on the
deflected elevator.

To determine the effect of rudder deflection on
the loading of the elevator and the effect of elevator
deflection on the loading of the rudder, tests were
made at the following combinations of elevator and
rudder deflections with the model at 0° angle of attack.
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(a) (b)
Measurements on elevatonr Measurements on rudder
6e Gr 6e Gr
(deg) (deg) (deg) (deg)

0 10 , S 0

5 10 - 10 0
10 10 - 20 0]
20 10 5 10
0 -10 10 10
5 =10 20 10
10 -10 5 -10
20 -10 10 -10
20 ~-10

The pressure impulses measured at the two rearmost
orifices on the elevator are shown in figure 29. The
curves obtained with the rudder in neutral (fig. 22)
are superimposed on the experimental points. The close
agreement between the two indicates that rudder deflec-
tion has a negligible effect on the pressure impulse on
the elevator. In figure 30 the results obtained from
the strain-gage measurements are presented in the same
manner as the pressure measurements for the same deflec-
tion conditions. The agreement here is not as good as:
that obtained from the pressure data.

The pressure impulses recorded on the rudder at
elevator deflections outlined in the above table
(part (b)) are presented in figure 21. Here, also,
there is close agreement between the experimental points
and the curves obtained with elevators in neutral, indi-~
cating that elevator deflection has a negligible effect
on the instantaneous loading of the rudder.

Wind-tunnel tests in negative thrust.- To determine
the severity of the peak pressure impulses incurred with
the propeller operating as an air bral«:e(5 an investigation
was conducted with a blade angle of -15Y. These tests
were made with tall in position 1, elevators and rudders
in neutral, over a limited range of angles of attack.

The propeller speed was 500 rpm and the wind speed varied
from 29 to 100 miles per hour., The aerodynamic
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characteristics of the propeller operating under these
conditions are nresented in figure 32 in the form of
thrust and power curves.

In negative thruzat tne first pressure impul=se,
ocecurring as the blade approaches the tail surface, was
in the direction of motion of the propeller. The second
impulse which occured Immediately after the blade passed
the surface was of opposite direction and was somewhat
larger than the first ard, for this reason, the results
obtained fror measurements of the second peak are pre-
sented throughout the discussion. A comparison of the
two pressure peaks is presented in figure 33.

The results in the form c¢f the nondimensional coef-
ficient Ap/q, are plotted against V/nD in figure 34

for the orifices on both the horizontal and vertical

tail surfaces. Examination of the curves reveals that,

as In positive thrust, the peak pressure impulse decreaqes
with distance in front of the propeller. The results
obtalined with the strain-gage measurements are presented
in figure 35. It 1s observed that, although the values

of Ap/qo in negative thrust decrease with V/nD in a

manner similar to positive thrust, the actual value of
the pressure 1mpu1<e Ap at a constanu Lropeller epeed
increases with V/nD because of the increase in blade
loading with V/nD.

Average Pressure Distribution on the Left LElevator

An investigation of the effects of propeller opera-
tion on the average pressure distribution over the left
elevator has been made at several control-surface
deflectlons. These tests were conducted at an angle of
attack of 0° with the tail in the most forward position.
Data were taken in the propeller-removed condition ard
with the six-blade dual-rotating propeller operating in
both the positive-and negative-thrust regions.

Wind-tunnel tests in positive thrust.- With the
control surfaces neutral, the blades of the front pro-
peller set at 20°, and those of the rear at 19.9°
the effects of power on the average pressures over the
left elevator were small (fig. 26{(a)). At an elevator
deflection of 20°, however, increasing the thrust coef-
ficient resulted 1n substantial increases in the load
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on this control surface {(fig, 36(b)). It is observed
that the greater part of the change in loading which
occurred at &g = 20° resulted from reduction of the

pressure over the upper surface of the elevator.

The effect of changes in elevator deflection with
propellers removed and at the T, corresponding to

peak efficiency at @y = 40° and gy = 29.9° 1s shown

in figure 37. Comparison of the curves at the various
elevator angles indicates that the effectiveness of the
control surfaces is appreciably greater with the pro-
pellers operating.

Variations in rudder deflection are shown in fig-
ure 38 to have effected equal changes in the pressure
over the upper and lower surfaces of the elevator at
8¢ = 0°. At &g = 20°, however, the distribution of
pressure over the pressure side of the surface of the
left elevator was independent of rudder angle, whereas
the pressure on the suction side of the surface increased
negatively with rudder angle.

Wind-tunnel tests in negative thrust.- The inves-
tigation of average pressures was also extended into the
negative-thrust region of propeller operation. The
tests were made with the tail surfaces in position 4, the
model at an angle of attack of Oo, and all six blades of
the dual-rotating propeller set at -15°. The effect of
changes in thrust coefficient on the pressure distribu-~
tions on the left elevator is presented in figure 29 for
elevator deflections of -20°, 0°, and 20°. The marked
increase in pressure indicates a substantial reduction
in the dynamic pressure over the tail surface when the
propeller is operating in the negative thrust region.
With the control surfaces deflected, the pressure change
on the suction side of the surface was much greater than
that on the pressure side. The effect of positive and
negative thrust on the control-surface effectiveness 1is
presented in figure 40 for three elevator deflections.
In this figure an indication of the force at the inboard
belt on the left elevator was found as

Py, = Py\ _ v0.169 %0
% 0.831
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where ¢ 1s the percent chord of the elevator. The
effectiveness of the control surfaces iz increased in
positive thrust and decreased in negetive thrudt. A
reversal in control for the e = 20° cordition
occurred at a value cf T, = =0.75.

Propeller Characteristics

Because the efficiency of a propeller is & function
of the velocity field in which it operates, the aerody=-
namic characteristics of the six-blade dual-rotating
propeller were determined for several elevator and
rudder deflections. These tests were made with the tail
surfaces in position ¢ simulating the tail-surface -
propeller spacing proposed for the first flight eirpleane.

Positive dynamic thrust.- The maximum efficiency of
the propeller at (_ = 400 and Bg = 29.3° is s

ES
figure 41 to have been increased approximately & 8ercent
by deflecting the elevator from the 0° Lo the -20° posi-
tion. A composite of the propulsive efficiency curves
for figure 41 is presented in figure 42.

The thrust upon which these efficiencies were based
is defined asg the difference between the drag of the
model with power on ard with the propeller removed for
the same configuration; thus, any reduction in separa-
tion from the deilected surfaces influenced by the pro-
peller will appear as increased propulsive efficlency.

A comparison of operational characteristics of the
propeller at blade angles of 20°, 3%0°, and 40°, and
elevator deflections of 0° and 20° is chown in figure 43.
Efficiency envelopes for each of these conditions, given
in figure 44, indicate as much as 2 percent higher effi-
ciency when the elevator is deflected from the neutral
position to 20° in the V/nD rauge of 1.0 to 2.2, bub
as much as 4 percent lower efficiency below V/nD = 1.0.

The influence of rudder deflection on tie aerody-
namic characteristics of the propeller (fig. 45) was
negligible. A composite of the propulsive efficilercy
curves from Tigure 45 1s presented in figure 46. Dif-
ferences in the effect of rudder ard elevator delflec-
tions on the propulsive efficiency are probably assco-
ciated with differcnces in the ratio of the control
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surface span to propeller diameter and to the fact that
the lower rudder on the test setup operated in the wake
of the support strut.

Negative thrust.- Data concerning the negative-
thrust characteristics of the six-blade dual-rotating
propeller in the negative-thrust region were also
requested. The angles of attack of the model selected
from data furnished by the Douglas compsany were -6.60,
-2.69, and 0.4°, corresponding to aengles of attack of
the horizontal tail at airplene 1ift coefficients of
approximately 0.5, 1.0, and 1.5.

Negative-thrust characteristics of the six-blade
dual-rotating propeller were not affected by a change
of angle of attack within the range of angles of attack
tested. (See fig. 47,) The test points obtained at
a = 0.4° are plotted in figure 47 with the curve drawn
tlirough these test points common to the angles of attack
of ~6.6° and -2.6°, ' '

The model was set at an angle of attack of 0° in
tests to determine the effect of elevator deflections
upon the negative-thrust characteristics of the six-
blade dual-rotating propeller. The results of these
tests, presented in figure 48, show that elevator
deflections of x20° reduce the value of Cp by not

more than 3 percent at a value of V/nD = 3.0.
SUMMARY OF KESULTS

The results of this investigation are summarized
as follows:

1. With every blade passage, the control surfaces
experienced unequal pressure impulses in opposite direc-
tions. 1In positive thrust the first impulrce imparted
a positive rolling moment to the model, while in nega-
tive thrust the reverse was true.

2. Increases in blade angle or rotational speed
for a given advance ratio and decreases 1n tall-.
surface - propeller spacing increased the pressure
impulse coefficients on the tail surfaces in positive
dynamic thrust and, to a greater degree, in static thrust.
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3. Deflecting the control surface away from the
advancing blede incrsaced the pressure impulse coeffi-
cieat on the elevator.

- 4, The prescsurs Impulse coefficiernt on the elevator
decreased with increasing negative angle of attack.

5. In negative thrust, the peak instantaneous pres-
sure on the tail surfaces increased with propeller
advance-dlameter ratio and decreased with Increasing
teil-surface - propeller spacing.

6. The control-surface effectiveness increased with
positive propeller thrust.

7. The resultant loading on the left elevator at
8¢ = 0° was independent of rudder angle. With the

elevators deflected 20°, the distribution on the pressure
surface of the left elevator was independent of rudder
angle while the pressure on the suction side of the
surface increased negatively with increasing rudder
angle.

8. The effectiveness of the control surfaces was
considerably reduced in the negative-thrust condition,
and at a value of T, which might be encountered in

using the propeller as a brake in landing,a reversal
in control was indicated.

9. The envelope efficiency of the six-blade dual-
rotating propeller decreased as much as 4 percent when
the elevator is deflected from the neutral position to
20° in the low V/nD range and increased as much as
2 percent in the high V/nD range.

10. A 3-percent increase in the peak propulsive
efficiency of the six-blade duval-rotating propeller was
realized when the elevator was deflected from the
neutral position to -20° for the blade settings of
Bp = 40°, 83z = 39.3°.
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11. The negative-thrust characteristics of the six-
blade dval-rotating propeller were not affected by changes
in angle of attack within the range of these tezts but
were affected slightly by deflection of the elevators.

- Langley Memorial Aeronautical ILaboratory
National Advisory Committee for Aeronautics
Langley Field, Va., Novenber ¢, 1944
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Point of break in the timer circuit.

— — — — Point at which ¢ of Blade coincides with the
plane of the |eft horizontal tail surface.

________ Point at which peaK pressure occurs.

Trace of Orificel, Row D.
Tail surfaces in position 3;
O(./Gr':Ooj Se=lO°;N=5005
Vinp =0.74; 8=40"

’ {Ayerage pressure
difference. Line of zero bressure

differéence.

——— 340>—>

e 11 °

’5L'Lr:_8,0de cycle —

Trace of left strain
gage. Static thrust;

Tail surfaces in posi=

f;e(g:slzu}’e tion I; oc,8e,6r, 0%
' N=400; B=40".
4: B ' —Trace of timer

«+——— Direction of film travel
NATIONAL ADVISORY
COMMITTEE FOR AERONALTICS

Figure 8.- Typical teat records showing the correlation of the
pressure peaks with blade position.
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(a) p = 20°.

Figure 19.- Variation of the peak pressure coefficient with
distance from the propeller for aonstant valueg
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gecond peak pressure coefficients in the
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Flgure 41.- Aerodynamic charocleristics of 1he six-blade auval-
rofating propeller al several elevalor deflections .
7ail surfaces in position 4; G907 [Bp=39.3; oC= 0%
op=0"
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Figure 42 .- Effect of elevator deflsetion on the propulgive

efficiency. Tall surfaces in position U;

Br = 40°% B8R = 39.3% a=0% 5 =0°
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